Highlight: Fifteen raintraps on the Fishlake National Forest in central Utah were observed over an 1 l-year period in an effort to evaluate field operation, maintenance requirements, and serviceability of raintrap systems. The raintraps generally functioned properly during the first 7 to 8 years. Some problems occurred during the latter part of the period. Five problem types were classified: (1) material failure-oxidation, ozone attack, and tearing; (2) mechanical damage-vermin attack and puncture by plants and animals; (3)'snow accumulation which prevented water storage; (4) insufficient maintenance to catchment aprons, storage bags and ponds, watering troughs, and fences; and (5) improper design resulting from inaccurate estimate of or change in water requirements, poor site selection, and inadequate evaporation and precipitation data. Operational problems associated with the storage part of the raintrap system were more serious than those related to the catchment apron.
Extensive areas of rangeland in the western United States periodically produce a substantial quantity of vegetative forage that cannot be utilized by livestock because drinking water is not available in the grazing area. In contrast, range in the vicinity of water may be destroyed by overuse and trampling.
Most of the precipitation in the drier rangeland areas comes as small storms. The soil is generally dry and absorbs all the rain without producing runoff. Precipitation in many high mountain meadows comes mainly in the form of snow. The snowmelt water is generally lost early in the year and is not available for late season livestock consumption.
Even in areas of scant precipitation, substantial amounts of water can be collected for storage and use if the ground surface is waterproofed. The installations for collection and storage of precipitation have been called raintraps (Lauritzen, 1963) . Approximately 1,500 gallons of water can be collected for each inch of precipitation that falls on a 2,500-ft2 catchment.
At some typical semiarid to arid locations this would amount to : several plastic films, vulcanized elastomeric sheet structures (butyl), asphaltcoated fabrics, and metal (Cluff, 1967; Frasier et al, 1970; Lauritzen, 1960 Lauritzen, , 1963 Lauritzen and Thayer, 1966; Myers, 1968; Rauzi and Landers, 1967) . Soil treatments to provide a relatively watertight nonabsorbent surface have also been tested (Cluff and Dutt, 1966; Frasier and Myers, 1970; Hillel, 1967; Hillel et al, 1969; Myers, 1967 Myers, , 1968 Myers and Frasier, 1969; Myers et al, 1967; Rauzi et al, 1970) .
In addition to information on the du r a b ility of various waterproofing materials, information is needed on the field operation, maintenance requirements, and serviceability of raintrap systems. The information on practical use of raintraps reported in this paper resulted from the field operation of 15 prototype catchment liners, generally about 2,500 ft2, and storage structures, mostly 25,000-gal capacity, located on the Fishlake National Forest in central Utah. These installations were observed to determine material weathering characteristics, damage from animals and insects, types of mechanical damage, and the need for soil sterilization to prevent penetration by plants.
The overall precipitation collection project has been a cooperative effort by the Agricultural Research Service and the Forest Service of the U. S. Department of Agriculture, the Utah Agricultural Experiment Station, and private industries inv olved in development of raintrap materials.
Observations Table 1 identifies the raintraps in the study along with the approximate elevation, date of installation, and materials used in the catchment and water storage structure. Two types of storage structures were used for water storage: closed bags and open pits lined with waterproof materials (Fig. 1) Inspection summaries were completed on all raintraps noted in Table  1 and were published elsewhere (Dedrick, 1973) . A typical summary of information from one raintrap installation (Coyote) follows:
1963 -A butyl ground cover catchment was installed with a nylonreinforced butyl one-piece storage bag.
1964, 1965, and 1966 -The raintrap was functioning as intended.
1968 -A few holes were noted around the edge of the apron with a few large holes in the storage bag. The damage apparently was caused by rodents. The holes in the storage bag were repaired.
1969 -One small hole was noted in the center part of the apron with numerous holes along berm. Damage apparently was caused by rodents. The condition of the storage bag was reportedly good, without any holes.
1970 -The condition of the apron was generally good, with some holes observed. The holes appear to be caused by gnawing or clawing, as teeth or claw marks were visible around holes (Fig. 2) . The catchment sheeting had oxidized extensively.
No ozone failure was observed. The storage bag was generally in good condition, with a few holes observed around the edge (Fig. 2) .
1971 -The apron was in good condition with several small holes, some oxidation, and some ozone damage noted. The storage bag was in excellent condition and full of water. The storage had been patched prior to the 197 1 water collection.
Recommendations
for Coyote raintrap installation:
The raintrap can be main- tained for continuous operation. When the water is drawn down in the storage facility, any holes in the bag should be patched to insure proper storage of collected water.
Discussion and Summary
The experimental raintraps used on the Fishlake National Forest required a minimum of maintenance to keep them operational during the first 7-8 years (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) .
The Forest Service personnel and individual permittees reported that availability of water resulted in better range utilization during this period. Various types of system malfunctions, however, began to be reported in 1968 and 1969.
The thorough inspection of the raintraps in 1970 and 197 1 helped identify some of the problems associated with field use. The raintrap system problems can be classified into five types: material failure, mechanical damage, system malfunction, maintenance deficiencies, and improper design. Material failure includes oxidation (radiation); ozone attack; and tearing of nonsupported membranes (Fig.  3) . Mechanical damage resulted from vermin attack (Figs. 2 and 4) ; puncture by plants (Fig. 5) ; and puncture by hooves (Fig. 6 ). Snow accumulation on storage bags sometimes prevented water storage (Fig. 7) . Problems arose from a lack of maintenance of catchment aprons, storage bags and ponds, watering troughs, and fences around raintrap systems. Improper design was the result of inaccurate estimation of or a change in water requirements, undesirable site selection, and lack of reliable precipitation and evaporation data. The type of operational problems, seriousness of problems, and means of control are summarized in Table  2 .
Malfunctions associated with the storage part of the raintrap were far more serious than those affecting the apron. Generally, holes below the required waterlevel line cannot be tolerated to any degree in the storage system. The trapped water may have to be held for a considerable period of time before being utilized, and holes in the storage facility result in a direct water loss. Measures for controlling evaporation from open pits should be considered, if evaporation losses for the particular location are excessive .
Holes in the apron are tolerable from the water-collection standpoint, since water is not stored but is only intercepted and drains off immediately.
Experience gained on the Fishlake National Forest indicates that more attention should be Has not been too serious from the percentof-catch standpoint, since most of the failure occurred around the apron berms.
The incidence of puncture during the period was very low.
Serious when closed storage of high snow accumulation.
located in areas
Resulted in nonfunctional in some instances.
raintrap systems
Resulted in nonuse of some raintrap systems due to underdesign.
Proper formulation of butyl will minimize oxidation. The surface of asphaltic membranes can be stabilized by various coating materials.
Proper installation to prevent material stressing will control ozone attack. Fabric-reinforced material which assures that the sheeting is not stretched can be used.
Fabric-reinforced material will eliminate tear propagation. Fencing is required to keep livestock and game animals off trap area.
Control may consist of one or more of the following: repellent utilization, open storage to allow access to water, physical barriers, plant growth control around the edge of the system.
Soil sterilant.
Fencing is required to animals off trap area.
Open storage.
keep livestock and game
Better cooperation solicited with such cooperation specified as part of the agreement for use of the land. Further explanation as to operation and function of the systems might be helpful.
More reliable information regarding water requirements, site conditions, precipitation, and evaporation l's required.
given to developing a highly durable storage system. Generally, all of the materials used as aprons performed satisfactorily.
